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In 1892 Heuss (1) by means of a colorimetric indicator determined the reac-
tion of the various layers of the skin and found the stratum corneum to be acid
through its entire thickness as was also the prickle cell layer, but the cutis was
found to be alkaline.
Unna and Golodetz (2) also employing colorimetric indicators observed that
the entire epidermis was acid and that an alkaline reaction was not obtained
until the papillary layer of the cutis was reached. In 1923 Sharlit and Scheer (3),
also by means of colorimetric indicators, found the average pH of the normal
human epidermis to be 5.5.
Although electrometric methods for pH determinations were already well de-
veloped at the time, these authors believed that skin being in a solid state would
not lend itself to this type of determination. Furthermore, it was assumed that
the color of the skin afforded a background sufficiently light not to interfere
with the readings of the color developed by the indicators. Memmesheimer (4)
employed the same series of indicators as Sharlit and Scheer but modified the
technique slightly by transferring the readings of the color reactions to a white
background. This author found pH values for the epidermis to range from
5.2 to 5.8, and also that irradiation of the skin caused an increase in its pH value,
that is, a tendency to approach the alkaline side.
In 1928 Schade and Marchionini (5) described an electrometric (gas chain)
method for the determination of the pH of the skin. They devised various types
of electrodes ("Kammer", "Glocken" and "Lupen") and found pH values rang-
ing from 1.78 to 5.17 for human epidermis, the average value being approximately
3.78. Lustig and Perutz (6), finding an electrometric method too involved for
routine clinical procedure, developed a method whereby strips of absorbent
paper were moistened with distilled water, pressed for five minutes against the
skin surface to be tested and the pH of the water expressed from strips of absor-
bent paper was then determined with Wulif indicator papers. In this manner
these authors believed that salt and protein errors were reduced to a minimum.
In 1932 Levin and Silvers using a quinhydrone electrode found the pH of the
normal human skin surface to vary from 5.0 to 5.3 and that the values depended
on (a) condition of the stratum corneum, i.e., whether it was intact or broken,
and (b) on the residuum present of the products of sweat excretion.
Recently Blank (8) in a series of papers has demonstrated the adaptability
of a simple method using a vacuum tube potentiometer and the glass electrode
to measurements of the pH of the skin surface. This method offers many ad
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vantages in that it is rapid and simple of operation, requiring but an occasional
checking of the meter and electrodes with standard buffered solutions of known
pH values. The method is relatively free from salt and protein errors.
The determination of the pH values of the skin of subjects reported in this
paper was preliminary to the study of some phases of absorption of materials
(drug or cosmetic) topically applied to the skin. Consequently, an attempt
was made to determine which common laboratory animal exhibited a p11 range
for its skin nearest to the range for human skin. It is realized, of course, that
TABLE 1
Summary of pH range of human skin
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(a) Fifty-one white males, ages 21—58
Backofhand
Inner aspect of forearm.
Antecubital fossa
Upper arm
Forehead
Cheek
1
2
1
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(b) Fifty-two white females, ages 27—60
Back of hand
Inner aspect of forearm.
Antecubital fossa
Upper arm
Forehead
6
2
1
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6
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2
3
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13
10
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10
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1
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(c) Twenty-five colored males
Back of hand
Inner aspect of forearm.
Antecubital fossa
Upperarm
Forehead
Cheek
1 1
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3
2
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the pH of the skin surface is only one of the factors involved in cutaneous ab-
sorption and such other factors, particularly anatomic structural differences
of the skin of the various species of animal, must be also considered. For the
most part these animal skins are devoid of sweat glands and unlike human
glabrous skin contain an abundance of hair follicles.
PROCEDURE
The method employed was comparable to Blank's excepting that smaller
type electrodes were used. The sleeve type calomel and g]Lass electrodes were
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both the 2 inch type. The electrodes were connected to the vacuum tube
potentiometer commonly referred to as a pH meter or acidimeter by means of a
TABLE 2
Summary of pH values for the skin of guinea pigs, embracing the total number of subjects and
various conditions of living quarters
pH RANGE
g g
Upper abdomen
Lower abdomen
Axilla*
Inguinaif
Back
Neck 2
1
1
11
6
4
4
7
7
17
17
12
15
16
14
19
13
11
12
11
12
13
8
12
13
8
21
16
8
6
11
14
9
12
8
6
15
9
8
3
6
18
12
17
10
3
5
15
8
8
11
1
6
11
4
5
4
9
1
3
1
9
1
1
3
(a) Summary of pH values for skin of guinea pigs quartered in cages with coarse mesh wire
screen floors
Upper abdomen
Lower abdomen 1
1
3
9
7
10
8
6
6
3
3
2
2
1
1 1
Axi1la
Inguina1
Back
1
1
11
6
4
5
7
8
8
7
10
5
8
3
1
4
1
1
2
1
Neck 5 7 11 4 2 2
* Determination was not made on axilla of one subject.
f Determinations were not made on inguinal of two subjects.
Determinations were not made on axilla and inguinal of one subject.
§ A pH value of 4.26 was obtained on neck of one subject, not given in table.
TABLE 3
Summary of pH determinations on 60 rats (distributed in 12 age groups from 6 weeks to 2 years
of age)
pH RANGE
3.60—
5.79
5.80— I 6.00—
5.99 6.19
6.20—
6.39
6.40—
6.59
6.60—
6.79
6.80—
6.99
7.00—
7.19
7.20—
7.39
7.40—
7.59
Upper abdomen
Lower abdomen
Axilla*
Inguinal
Back
Neck*
2
1
1
1
8
7
5
5
3
3
9
18
14
17
5
5
14
14
19
17
15
11
15
10
13
15
18
18
4
6
7
5
8
9
6
3
1
4
11
1
1
5
2
1
1
* Determinations were not made on axilla and neck of one subject.
shielded cable. This cable permitted sufficient latitude of motion to the elec-
trodes to make all determinations with ease on animals placed on animal boards.
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The electrodes and the pH meter were checked every second or third day of
operation with prepared standard buffer solutions of known pH values and ad-
justments when necessary were made with the zero adjustor of the meter. For
all skin determinations the temperature adjustment of the meter was set at 30°C.,
this being the nearest temperature setting to that of skin temperatures.
The skin surfaces were prepared by clipping the hair very closely, in case of
the animals, care being exercised to avoid abrasions or any injury of the stratum
corneum. The depilated skin was next lightly swabbed with ether, which was
TABLE 4
Summary of pH determination.s on 24 rabbits (equally distributed as to sex and varying in age
from 6 months to approximately 1 year)
pH RANGE
5.60—
5.79
5.80—
5.99
6.00—
6.19
6.20—
6.39
6.40—
6.59
6.60—
6.79
6.80—
6.99
7.00—
7.19
7.20—
7.39
7.40—
7.59
Upper abdomen
Lower abdomen
Axilla
Inguinal
Back
Neck 2
2
2
3
1
1
1
2
2
7
5
3
5
7
12
10
4
6
8
3
4
1
3
6
3
4
3
6
4
4
2
1
1
3
4
1
5
2
1
TABLE 5
Summary of pH determinations on 27 cats (the group represents 20 females and although the
subjects' ages were unknown, having been purchased on the open market, the
majority were less than 2 years of age)
pH RANGE
5.60—
5.79
5.80—
5.99
6.00—
6.19
6.20—
6.39
6.40—
6.59
6.60—
6.79
6.80—
6.99
7.00—
7.19
7.20— 7.40—
7.39 7.59
Upper abdomen
Lower abdomen
Axilla
Inguinal
Back
Neck*
1
1
4
3
2
1
4
2
3
3
9
5
10
6
8
3
8
9
4
5
4
7
4
7
4
5
4
5
5
3
1
4
2
3
1
4
3
1
2 1
* Determination was not made on the neck of one subject.
followed by the application of a thin film of 0.1 per cent sodium chloride solution.
Since most of the pH readings on human skin had approximate values of pH 5,
a routine procedure of adjusting the 0.1 per cent unbuffered saline was adopted
by adding a little hydrochloric acid.2 The ease with which the saline solution
is adjusted to pH 5.0 and the desirability of eliminating all variable factors,
2 This adjustment was found to be unnecessary since such unbuflered solutions adjusted
from pH 4.0 to 9.0 gave readings varying less than 0.1 pH on the forearm of 3 males 20,
23 and 40 years of age respectively, and varying less than pH on the skin of the
back of the guinea pig, rabbit and cat.
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even if these were insignificant, made us decide to continue the use of the saline
solution so adjusted in all the human and animal determinations.
TABLE 6
Summary of pH data on 34 dogs (15 males and 19 females) (representing age groups from
puppies a few days old to dogs approximately 4 years old*)
Upper abdomen
Lower abdo-
ment
Axilla
Inguinal1
Back
Neck
pH RANGE
1
2
1
2
1
4
4
3
3
1
1
g
3
3
4
5
5
g
5
6
1
2
2
3
6
2
5
3
2
3
4
3
1
7
2
7
1
3
4
4
4
6
3
1
4
1
3
5
2
1
1
1
8
8
1
3
5
2
2
2
1
2
5
1
1
6
g
2 1
(a) Summary of pH data on 6 dogs in oestrus
Upper abdomen
Lower abdomen
Axilla
Inguinal
Back
Neck
1
1
1
2
1
3 1
3
1
1
1
1
1
2
1
1
2
1
1
1
1
1
1
2
1 3
* Whenever a given skin area gave a high pH value, the determination was repeated
as follows: A few minutes were allowed to elapse, then the area was washed with distilled
water. When dry it was swabbed with ether and the determination resumed as per usual
procedure.
fReading of 5.18 not shown in table was obtained on one dog.
Reading of 5.20 not shown in table was obtained on one dog.
§Determination was not made on inguinal of one dog.
TABLE 7
Summary of pH data on 6 monkeys (5 females and 1 male)
pH RANGE
5.40—
5.59
5.60-
5.79
5.80—
5.99
6.00—
6.19
6.20—
6.39
6.40—
6.59
6.60—
6.79
6.80—
6.99
7.00—
7.19
7.20—
7.39
7.40—
7.59
Upper abdomen
Lower abdomen 2
2
2
3
2
1
Axilla 1 3 1 1
Inguinal
Back 3
1
1
2
1
1 1
1
1
Neck 1 1 2 1 1
In the actual determinations the electrodes were adjusted one centimeter
apart and after being gently rotated on the skin area were allowed to rest there
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while readings were noted on the pH meter. After a few seconds an equilibrium
was reached whereby two consecutjve readings agreeing within 0.05 pH were
obtained. If two such consecutive readings were not readily obtained, the skin
was prepared anew and the readings resumed. In such cases where two or more
sets of readings were required to arrive at an agreement of 0.05 pH, it was felt
that it was due to improper preparation of the skin surface, either an improper
saline ifim or an insufficient cleansing with ether.
Determinations in the human were made.on the skin of the back of the hand,
inner aspect of the forearm, antecubital fossa, upper arm, cheek and forehead.
Due to the extensive use of cosmetics on the cheek, the pH of the skin of this
area was not determined for the female.
REGION
SKIN OF BACK
SKIN OF BACK lb RAO8ITS
SKIN OF BACK
SKIN OF BACK 60 RATS
SKIN OF BACK .0 MONKEYS
SKIN OF BACK GIN PI
SKIN OF RIGHT
UPPER ARM
St WHITE MALES
MAN
52 WHITE FEMALES
• 25 COLORED MAI.ES —
4:2 42 SA 6.0 52 Z2 7.5 6.4
H RANGE
Fm. 1. NORMAL PH RANGES OF SKIN OF MAN AND CoMiIoN LABORATORY ANIMALS
In the animal series the following skin areas were chosen for determination:
the upper abdomen, lower abdomen, axilla, inguinal, the back (rump), and the
neck (nape or back of the neck).
RESULTS
The human series included 51 white males ages 21 to 58 years, 52 white females
ages 27 to 60, and 25 negro males ages 26 to 59. The subjects were normal,
healthy persons without any apparent skin lesions. For 40 of the 52 female
subjects the following information was available on the stage of their menstrual
cycle: 13 were in the first week, 8 in the second, 10 in the third, and 9 in the
fourth week respectively of the cycle. Seven subjects were post menopause, the
remaining five gave histories of irregular cycles. A resumé of the entire human
data is given in table 1.
In the animal series an attempt was made whenever possible to get equal
distribution of sex and age groups for the given species. During the determina-
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tions on the 98 guinea pigs in table 2, it became evident that the cleanliness of
animal quarters made some difference on the pH values obtained for the skin of
this animal species. The quarters to which these guinea pigs were confined
varies; some were in ordinary breeding bins where a number were kept together
in a limited space. The floor of these breeding bins was strewn with sawdust so
that the pigs tread on their excreta which was dropped on the bedding material.
The guinea pigs confined to these breeding bins gave higher pH values than those
kept in cages having coarse wire mesh for floors and so constructed that the pig
did not come in contact with voided excreta. In table 2(a) there is given a sum-
mary of the values obtained on 32 pigs kept in clean cages equipped with large
mesh wire screen floors. Analyses of the data obtained for the rat, rabbit, cat,
dog and monkey are given in tables 3 to 7 respectively.
The most constant area for all animals was the skin of the back, whereas in
the human it was found to be the skin of the upper arm. The values for these
two most constant areas are plotted in the graph (fig. 1) and illustrate the dif-
ferences in ranges of pH for the skin of man and of the various laboratory animals
included in this study.
DISCUSSION
The lowest figure obtained in man was a pH value of 4.04 on the skin of the
upper arm of a white male, and the highest was 6.66 on the skin of the back of
the hand of a white female. The average p11 for the antecubital fossa was the
most acid of all areas examined in the human but only slightly more so than was
the skin of the upper arm. In the human the skin of the hand gave the most
variable pH values, which was probably due to the greater exposure of this part
to repeated washing with soap, or possibly due to exposure to other agents.
Although there were only 52 women in the series, which is an insufficient
number to show that the data are statistically significant, yet an analysis of these
data reveals that the reaction of the skin of the seven women past menopause
was slightly more acidic than the female average. It was also indicated that
from the onset of menstruation through the third week of the cycle there was a
slight rise, followed by a drop during the fourth week of the cycle to a level below
that of the first week of the cycle.
An average of the readings of all areas for the white male gave a pH value of
4.85, for the white female 5.5 and for the negro male 5.2.
As is illustrated in the graph all laboratory animals gave higher p11 values for
skin than man. With the exception of the dog, the nape or back of the neck was
found to be the most acidic skin area in the animals. For the majority of animals
the skin of the lower abdomen was found to be the most variable, while the skin
of the back (rump) gave the most constant readings. This may possibly be
explained to be due in part to general cleanliness. Regardless of the continual
effort to keep small cages clean a closely confined animal is unable to keep itself
as clean as the less confined subject. This was particularly noticeable with the
guinea pig, cat and dog. However, an attempt to wash the skin areas with
either distilled water or distilled water and soap followed by a copious rinse with
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distilled water before the determination failed to alter the reading of a given
area. This indicated that in such skims high pH values did not result from
extraneous matter clinging to the epidermis, but resulted from change in the
epidermis itself.
As a rule the younger animals of a given species were slightly more acidic
than the adult subjects. No explanation could be found for this unless it is
again a question of general cleanliness and health. The p11 range for the skin
of the guinea pig was nearest the range of the human skin. The skins of the
monkey, rat and cat were next, although slightly higher and the rabbit skin
still slightly higher. The dog skin was highest of all, being on the alkaline side.
The following average pH values were obtained for the various animals: guinea
pigs 5.5, monkey 6.42, cat 6.43, rat 6.48, rabbit 6.71, and the dog 7.52.
SUMMARY
1. Skin pH determinations were made on 51 white males, 52 white females,
25 negro males, and the following species of animals: guinea pig, rat, rabbit,
cat, dog and the monkey.
2. Areas chosen for examination in man were the back of the hand, inner
aspect of the forearm, antecubital fossa, upper arm, cheek and forehead, and in
the animals, the upper abdomen, lower abdomen, axilla, inguinal region, back
and the nape (back of the neck).
3. The extreme limits of variations, the range for approximately 95 per cent
of the readings, and the general averages of pH for the various subjects are
respectively:
White male 4.04—6.26 4.2—5.8 4.85
White female 4.70—6.66 4.8—6.2 5.50
Negromale 4.39—6.63 4.4—6.0 5.21
Guinea pig 4.26—7.17 4.8—6.6 5.50
Monkey 5.50—7.52 5.8—7.0 6.42
Cat 5.57—7.44 5.8—7.2 6.43
Rat 5.74—7.51 5.8—7.2 6.48
Rabbit 5.97—7.50 6.0—7.4 6.71
Dog 5.18—9.18 6.2—8.6 7.52
4. All laboratory animals exhibit a higher pH value than man. The guinea
pig skin, however, is only slightly higher than that of the human.
5. Measurements of the pH of the skin of the negro race and for six species of
common laboratory animals are reported for the first time.
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